Objectives: To investigate the impact of periventricular hyperintensities and serum cystatin C on mild cognitive impairment to provide a basis for the investigation of the pathogenesis. Method: 286 patients enrolled the study and underwent an examination in Shanghai Fifth People's Hospital from June 2017 to June 2018. The participants' cognitive function was evaluated by different cognitive domains using of mini-mental state examination (MMSE), Montreal cognitive assessment (MoCA), auditory verbal learning test, Huashan version (AVLT-H), digit span test (DST), symbol digit modalities test (SDMT), trail making test (TMT) and verbal fluency test (VFT). We measured the levels of serum cystatin C at the department of clinical laboratory in Shanghai Fifth People's Hospital and each subject took an MRI examination in the Department of Radiology of Shanghai Fifth People's Hospital. Multivariate linear regression analyses were used to assess the relationship of cognitive score and the level of cystatin C and periventricular hyperintensities severity. All statistical analyses were performed using the SPSS system. Results: Among 286 eligible participants, 203 (71.0%) were enrolled to further analysis, including 69 male and 134 female (Mean age 67.93 ± 6.19 years). Significant predictors of severe periventricular hyperintensities (PVH) were older age and hypertension. Significant predictors of severe deep white matter hyperintensities (DWMH) were older age only. PVH severity was independently associated with mild cognitive impairment and that the primary impairment was executive function and processing speed. DWMH had no significant effect on cognitive function. Cystatin C only affected the overall cognitive level, and the relationship with WMH severity was not significant. Conclusions: We demonstrated that in the chinese non-demented elderly, the severity of PVH was independent and significant associated with mild cognitive impairment and that the primary impairment was executive capacity and processing speed, while cystatin C may be an independent risk factor for overall cognitive impairment.
Introduction
Today, most people can expect to live into their 60s and even can be expected to live longer than ever before [1] . When combined with marked falls in fertility rates, the prolongation of life makes the population aging more and more serious and leads to changes in the spectrum of the disease. According to the Global Burden of Disease estimates for the 2003 World Health Report, dementia contributed 11Á2% of years lived with disability in people aged 60 years and older, which was more than stroke (9Á5%), musculoskeletal disorders (8Á9%), cardiovascular disease (5Á0%), and all forms of cancer (2Á4%) [2] . This shows that dementias are the main causes of functional decline in the elderly and will affect the quality of life seriously. Taking measures to intervene is necessary. Mild Cognitive Impairment (MCI) is defined as the ''symptomatic pre-dementia stage" on the continuum of cognitive decline, which characterized by objective impairment in cognition [3] . Thus, recognition and intervention of MCI is significant for preventing dementia.
Cerebral small vessel disease (CSVD) is among the most important causes of cognitive decline [4] and typically manifests as white matter hyperintensities (WMH) which was also known as leukoaraiosis or white mater lesions (WML) and was most commonly present in the elderly [5] . Some studies have found that WMH was associated with declines in overall cognitive level, motor function, and mood [6, 7] . However, the impact of WMH on different cognitive domains remains unclear. Recently, chronic kidney disease (CKD) has emerged as a possible risk factor for cognitive decline [8] . Cystatin C has been reported as useful confirmatory markers for early kidney dysfunction [9] . The potential association between CKD and cognitive impairment has often been explained by the CSVD because of the endothelial dysfunction sharing the similar anatomical and physiologic characteristics [10] , although it remains unclear whether this association is independent of WMH and the relationship of WMH, cystatin C and mild cognitive impairment has never been reported. Therefore, we examined the WMH, cystatin C and specific cognitive function in Chinese non-demented elderly inhabitants in a Shanghai suburban community, with very little population movement in the elderly, to provide a basis for the investigation of the pathogenesis of mild cognitive impairment.
Method

Participants
Participants examined in this study were obtained from successive patients of ''Director expert clinic", Department of Neurology, Shanghai Fifth People's Hospital. We invited a total of 286 participants aged 55 years or older from June 2017 to June 2018. Inclusion criteria for all participants were 1) settled in Shanghai, 2) no cerebrovascular disease or dementia, 3) no hydrocephalus, brain tumor or history of brain occupying disease, 4) no nonvascularized white matter lesions (such as multiple sclerosis). Exclusion criteria were 1) with a history of stroke or dementia, 2) magnetic resonance contraindications, 3) unable to independently cooperate with the completion of this study or sustained with serious physical and mental illness. 4) invited in other clinical trials during the same period. Among these 286 subjects who participated in research, 83 had missing data on cognitive evaluation. Thus, the analytical sample included 203 persons.
Data collection
Data were collected at the Fifth People's Hospital of Shanghai by trained neurologist. We collected data on education level, lifestyles which include smoking and alcohol consumption and medical history through questionnaire survey. Weight and height were measured on the spot with subjects wearing light clothes and with no shoes. For education level, we recorded the years of education then divided into four groups, followed by illiterate and elementary school group, junior high school group, high school group, college or university group. Smoking status was defined as ''Yes" if the subjects consumed cigarette every week currently, otherwise the smoking status was defined as ''No" [11] . If the patient consumed more than 24 g of alcohol per day, the drinking status was defined as ''Yes", otherwise was defined as ''No" [12] . Medical histories mainly include hypertension, diabetes, hyperlipidemia, carotid artery stenosis and hyperuricemia.
Peripheral blood samples were taken after an overnight fast. Urine samples were obtained from the first urination in the morning. All contents about biochemical examination were performed in the Department of Clinical Laboratory, Shanghai Fifth People's Hospital. Then, data were extracted from dataset.
Brain MRI scans were performed between June 2017 and June 2018 using 3.0-T scanners (MAGNETOM Skyra; Siemens Electronics Germany). Each patient underwent magnetic resonance examination within three months before or after biochemical test results and cognitive assessment were collected. The scanning protocol included a series of axial proton-density T1-weighted image (repetition time [TR] , 220 msec; echo time [TE], 2.56 msec), T2-weighted image (TR, 5000 msec; TE, 99 msec), and fluidattenuated inversion-recovery sequence (TR, 9000 msec; TE, 81m-sec). The Fazekas scale [13] was used to assess periventricular hyperintensities (PVH) and deep white matter hyperintensities (DWMH). Participants were classified into three severity groups according to their Fazekas score: mild (0-1), moderate (2) , and severe (3). Scores were made separately in two parts. All image results were determined by a professional neurologist in a double-blind manner.
2.3.
A total number of 8 items were included in cognitive evaluation 2.3.1. MMSe
We performed Mini-Mental State Examination (MMSE) [14] for all enrolled patients. MMSE is the most widely used cognitive assessment scale currently, with the components of items assessing orientation, concentration, language, praxis and memory. We record the total score of the scale.
CES-d
Center for Epidemiological Survey, Depression Scale (CES-D) used to evaluate depression or mood in subjects [15] . When the total score is greater than 16 points, it is considered to have depression.
MoCA
The Montreal Cognitive Assessment (MoCA) [16] is a one-page 30-point test. Details on the specific MoCA items are visuospatial abilities, executive functions, naming ability, memory, attention, language, abstract ability and orientation. We record the total score of the scale.
AVLT-h
Auditory Verbal Learning Test, Huashan version (AVLT-H) is adapted by the Guo QH [17] team based on the California Verbal Learning Test (CVLT) and Hong Kong auditory verbal learning test. This is a well-recognized measure for testing a person's ability in different stages of working memory which includes encode, combine, store and recover verbal information [18] . Specifically, we informed the subjects to recall the words in advance. Then the neurologist read 12 Chinese words, including clothing, occupation, and flowers. There were four words per category. Different categories of words were randomly but fixedly presented. The doctor read the two words at a constant interval. After reading all the words, the subject was asked to immediately recall the words. This process was repeated three times, and the number of words recorded by the patient was recorded separately. This stage called instant recall. After 5 min other non-language tests, the subjects were asked to have a fourth recall of the above 12 words. At this time, the doctor no longer rephrased the words. After another 20 min other non-language tests, the subject recalled the above 12 words for the fifth time. At this point, we finished short-term delayed recall and long-term delayed recall. Then we use the category as a clue to give the subject a hint, as the sixth recall, that is, the clue recollection. Finally, the examiner read 24 words including 12 target words and 12 disturbing words and asked the subject to recognize whether they have learned or not. This was a recognition test.
DSt
Digit Span Test (DST) references Wechsler Adult Intelligence Scale Revised Chinese Edition (WAIS-RC) which is a convenient test providing important information when evaluating working memory [18, 19] . The task was to recite digits from 3 numbers to 12 numbers and recite digits from 2 numbers to 10 numbers in a reverse order. The total score was the sum of 2 tasks above.
SDMt
Symbol Digit Modalities Test (SDMT) is a common test scale and is considered a measure of visual attention, processing speed, executive function and memory [20, 21] . In the test, the subject was provided with 9 numbers and their corresponding symbols and was asked to write the corresponding number for a series of symbols. We recorded the number of digits written in 90s.
TMt
Trail Making Test (TMT) in this research adapted from Partington's version in 1938 by Guo team [22] . Processing speed is defined as the ''speed of completion of a task with reasonable accuracy". Executive function is defined as ''those capacities that enable a person to engage successfully in independent, purposive, self-directed, and self-serving behavior" [23] . In TMTA part, subjects were asked to connect the numbers from 1 to 25 in order and record the time. In TMTB, unlike TMTA, when you connected numbers in sequence, you need to alternate the two graphics. The pen tip cannot leave the paper during the test. The number of hours and errors were recorded. We defined that the number of errors reflects the execution function, and the test time-consuming reflects the processing speed.
VFt
Verbal fluency test (VFT) [24] [25] [26] [27] is associated with a person's language which required subjects to list as many animals and household objects as possible within 1 min separately. In the last minute, the animal name and the household objects name were alternately listed. The total number of every test was recorded respectively. Finally, we used a sum of three tests to define a new variable named ''Tvft" score.
Statistical analysis
In this study, our final analytical sample included 203 participants who had baseline measures of blood biochemistry, white matter hyperintensities score and cognitive function. Because of skewed distributions, the natural logarithmic transformation was performed for HOMA index, hyper-sensitive C-reactive protein (hs-CRP), urine creatinine, microalbuminuria, urinary immunoglobulin, urinary trace transferrin, urine trace a1 globulin, and urine trace b2 globulin. All variables were reported as either a mean value (±standard deviation (SD), a median value with an interquartile range (IQR), or a proportion/percentage of total. The one-way ANOVA were used to determine significant differences of the continuous variable between the groups if these data satisfied independence, normality, and homogeneity of variance, otherwise Welch method was used. The chi-square tests were used to determine significant differences of the frequencies of categories between the groups. If the conditions of the chi-square test were not met, Fisher's exact probability method was used. We used multivariable linear regression models with stepwise selection to examine the cross-sectional associations of PVH and DWMH severity with domain-specific cognitive performance and determine the independent predictors of domain-specific cognition. In multivariate regression analyses, we chose variables with a P value of less than 0.3 in the univariate analysis as the final candidate variables for the multivariate statistics. Significance was defined as P < 0.05. All analyses were conducted using SPSS (release 22; SPSS, Shanghai, China).
Result
Demographic and clinical data are reported in Table 1 . There were 203 subjects included in this analysis of whom mean age was 67.93 ± 6.19 years and 66% was female. Table 2 summarizes participants' characteristics by PVH severity and Table 4 summarizes participants' characteristic by DWMH severity. The age and blood pressure of patients with different degrees of PVH was statistically different (P < 0.05). The older the age, the more severe the PVH was, and Patients with more severe PVH had higher blood pressure. Differences between groups of other indicators were not significant. Age and hypertension may be risk factors for PVH. However, in the DWMH group of different severity, only the age was statistically different (P < 0.05). It is indicated that age is associated with WMH, and hypertension is associated with PVH. Unfortunately, our study did not find other vascular risk factors such as blood lipids level, blood glucose level and kidney function, cystatin-C, homocysteine, high-sensitivity C-reactive protein and so on related to the severity of WMH.
In Table 3 and Table 5 , we present the cross-sectional associations between PVH or DWMH severity and domain-specific cognitive function at baseline. Participants with greater PVH performed significantly worse on MMSE and MoCA scores which reflect overall cognitive level. In domain-specific cognitive test, presence of greater PVH was significantly associated with less number in SDMT and longer time in TMTA and TMTB which indicated that the worse speed of processing, visual attention and executive function. We also compared the working memory and language score among different PVH severity groups. The results were not significant. When performed the same operation above in the DWMH group, we found no significance in any domain-specific cognitive function except the recognition part of the auditory verbal learning test. Participants with greater DWMH were significantly more likely to recognize less words. PVH may affect cognitive function more, mainly affecting overall cognitive level and executive function. DWMH may only slightly affect some working memory. Table 6 shows the results of uni-and multivariate analyses adjusted for parameters for correlates of MMSE scores. In univariate analysis, age (p = 0.001), education (p = 0.000), cystatin C (p = 0.026) and PVH severity (p = 0.004) were significantly associated with MMSE scores. Using the significant factors and those variables with a p-value greater than 0.05 but greater than 0.3 and of practical clinical significance detected by univariate analysis above, we performed the multiple stepwise regression analysis. Eventually, education (0.001) and age (0.015) were significant and independent factors for MMSE. Associations of PVH severity and cystatinC with MMSE were no longer significant after adjusted demographics, education, lifestyle, vascular risk factors, mood condition and DWMH severity. Table 7 shows the results of uni-and multivariate analyses for MoCA scores. In univariate analysis, sex (p = 0.016), education (p = 0.000), hypertension (p = 0.031), cystatin C (p = 0.007) and PVH severity (p = 0.011) were significantly associated with MoCA score. After adjustments, MoCA was only associated with education(p = 0.007), cystatinC(p = 0.001), PVH severity(p = 0.013) and sex(p = 0.029). In Table 8 , we performed univariate and multivariate analyses on SDMT score. In univariate analysis, age (p = 0.000), education (p = 0.000), hypertension (p = 0.017), TC(p = 0.007), HDL(p = 0.01), cystatin C (p = 0.044) and PVH severity (p = 0.003) were significantly associated with SDMT score. After adjustments, SDMT score was only associated with education(p = 0.000), age(p = 0.048), PVH severity(p = 0.019) and HDL(p = 0.048). The result of two part of TMT shows in Table 9 . Based on the results of the ANOVA above, we analyzed the relationship between the time required to complete the experiment and parameters. The time of the two tests is recorded as TMTA- Abbreviations as in Table 1 . **These variables were presented in the original scale after analysis using log (natural) transformed values. * p < 0.05. Abbreviations as in Table 1 . **These variables were presented in the original scale after analysis using log (natural) transformed values. * p < 0.05.
time and TMTB-time respectively. In univariate analysis, age (p = 0.000), sex(0.002), education (p = 0.000), smoking(0.047), hypertension (p = 0.021), microalbuminuria(p = 0.017) and PVH severity (p = 0.000) were significantly associated with TMTA-time and age(0.000), education(0.000), hypertension(0.039) and PVH severity(0.000) were significantly associated with TMTB-time. After adjustments, both TMTA-time and TMTB-time were significantly associated with education, age and PVH severity.
(p = 0.000/0.002/0.006 vs 0.000/0.000/0.005) In Table 10 , we performed uni-and multivariate analyses adjusted for parameters for correlates of AVLT-H5 scores. We did not detect any significant interactions with PVH or DWMH for the associations with cognitive change. Unexpectedly, we found that UCR was significantly related to the score of AVLT-H5(P = 0.022). In brief, PVH may have more influence on cognition in WMH, mainly causing mild cognitive dysfunction, and manifesting as a decline in processing speed and executive function.
Discussion
Age and hypertension have been recognized as independent risk factors for WMH in previous studies [28] . It has been confirmed that PVH and DWMH have great differences in pathophysiological mechanism, histopathological manifestations and clinical features [29] . In this population-based study, we investigated the relationship among WMH, lifestyle factors, vascular risk factors and cognitive function in Chinese Shanghai elderly people. Our study results showed that age and hypertension were independent risk factors for periventricular white matter hyperintensities but only age was an independent risk factor for deep white matter hyperintensities. PVH had obvious damage to the overall cognitive function, especially the executive function, but the damage to language, memory and other functions was not significant. We did not find a clear relationship between DWMH with cognition. The results of this study were basically consistent with previous studies. Previous studies have indicated that 30% of patients with AD have WMH, and about 2/3 of patients with vascular dementia have white matter lesions [30] . Mild cognitive impairment caused by different types of WMH may eventually lead to outcomes of different types of dementia. In the non-demented elderly, mild cognitive impairment was preferentially associated with the severity of PVH rather than that of DWMH, and this early cognitive impairment is mostly manifested in the decline of executive function, and there is no obvious damage to memory function. These may suggest that mild cognitive impairment caused by PVH may be non-AD type in the early stage. The study of WMH and cognition may be more valuable in the exploration of subtypes. In the exploration of risk factors affecting MMSE scores, the CES-D score can correct the impact of PVH on MMSE. This suggests that the diagnosis of mild cognitive impairment is susceptible to emotional factors, and MMSE is not recommended for the diagnosis of mild cognitive impairment.
Vascular disease is an important cause of dementia [31] . Currently, CSVD are widely recognized as prognostic markers of cognitive impairment. In particular, the relationship between WMH and cognitive decline has been relatively clear [4, 8, 32] . Various studies have reported that chronic kidney disease (CKD) is one of the significant risk factors in the development of cognitive decline [8, 33] . Recently, both cystatin C and microalbuminuria have been reported as useful confirmatory markers for early kidney dysfunction [9] . Small-vessel pathology due to endothelial dysfunction has been evoked to explain the connection between kidney and cerebral microvasculature because they share similar anatomical and physiologic characteristics [10] . Cystatin C and microalbuminuria were supposed to be related to cognitive function. In this study, we found that cystatin C was independently and inversely correlated to the MoCA score, but in MMSE and other cognitive function test, they were negative results. Unfortunately, In the nondemented elderly population, we did not find microalbumin associated with cognitive function, and we did not find a significant correlation between cystatin C and WMH severity either. Cystatin C may be an independent risk factor of mild cognitive impairment. It is possible that CKD and CSVD are the result of several common etiologic pathways developing in the context of aging and simultaneously affected by traditional vascular risk factors as well as some Abbreviations as in Table 1 . **These variables were presented in the original scale after analysis using log (natural) transformed values. * p < 0.05.
nontraditional vascular risk factors such as anemia, oxidative stress, chronic inflammation and toxins. However, the specific relationship among CKD, CSVD and cognitive function needs further study.
There are several limitations in our study. First, the study design was cross-sectional. Thus, nothing conclusive for the association of PVH and serum cystatin C and cognitive function can be stated. Prospective and longitudinal studies are needed to investigate the role of the markers with cognitive dysfunction. Second, the relatively small number of cases may lead to weak statistical power for evaluating the relationships. Third, both blood pressure and education are categorical variables. We did not record specific blood pressure values and years of education, which may lead to loss of information in statistical analysis. Fourth, our study was limited to the population of Minhang District, Shanghai, China without demented people, thus, our results may not be generalizable to other races and cohorts.
In conclusion, we demonstrated that in the chinese nondemented elderly, the severity of PVH was independently and significantly associated with mild cognitive impairment and that the primary impairment was executive capacity and processing speed, while cystatin C may be an independent risk factor for overall cognitive impairment.
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